INTRODUCTION
The hydrography, chemistry and biology of the southern California Current System have been extensively studied by the California Cooperative Fisheries Investigation (CalCOFI) for nearly 50 yr. These surveys, together with numerous other studies in the Southern California Bight, make this region one of the best studied areas of the ocean.
Over 50 yr ago, W. E. Allen enumerated diatoms from early cruises in the California Current (Sverdrup & Allen 1939 , Allen 1945a . b, Sargent & Walker 1948 . Since then, most studles of phytoplankton species (reviewed in Eppley 1986) have emphasized temporal rather than spatial coverage. The most extensive of these studies have been Allen's collection off the end of the piers at Point Hueneme and at Scripps Institution of Oceanography (S10; Allen 1936 , 1941 , Tont 1976 , 1981 , 1987 , Sugihara & May 1990 ) and the studies con--'E-mail. evenrick@ucsd edu ducted by the Food Chain Research Group of S10 in the Southern California Bight (Eppley 1986 and references therein). The common denominators within and among these studies are variability and complexity. Allen (1939) described the phytoplankton off the end of the S10 pier: '...our records show no two years alike in the twenty, no two months alike, and no two weeks alike'. Over 40 yr later, Goodman et al. (1984) wrote of the phytoplankton in the Southern California Bight: '...the sample space of phytoplankton assemblages off Southern California involves a far richer variety of assemblages than has been adequately characterized. ' Other biological characteristics in the CalCOFI area show coherent large-scale patterns (e.g. zooplankton biomass , Bernal 1979; zooplankton taxa, Colebrook 1977 ; chlorophyll and primary productivity, Hayward & Venrick in press). It is possible that past phytoplankton studies have sampled the wrong scales to detect such broad patterns. On the April CalCOFI cruises in 1993 and 1995, mixed-layer phytoplankton samples were taken from each standard station. The present study presents the near-surface distributions of 317
Mar Ecol Prog Ser phytoplankton species, providing a quantitative description of 2 spring floras, their spatial patterns and their interannual differences. The synthesis of many species over a large area did, in fact, reveal cohesive spatial patterns similar to those seen in other parameters.
METHODS
Sampling and counting. The samples were collected on CalCOFI cruises 9304 (30 March to 15 April 1993) and 9504 (6 to 22 April 1995) . Phytoplankton samples were enumerated from 49 stations in 1993 and 52 stations in 1995. Stations are designated by line and station number. Thus, Stn 87.70 is Stn 70 along line 87. The complete grid of 66 stations is illustrated in data reports (e.g. S10 1993, 1995) . Stations with phytoplankton samples are indicated in Figs. 3 & 5 .
Phytoplankton samples were collected from the second standard depth, which fell within the mixed layer when a mixed layer existed. This was the only depth other than the siirface that hacl a consis:en: re:a:ionship with the vertical density structure across a wide range of hydrographic conditions. Actual sample depths ranged between 3 and 22 m with a mean of 12.2 m. The deeper samples were offshore, reflecting a deeper offshore mixed layer.
Phytoplankton samples were 250 m1 water samples preserved with buffered formalin to a final concentration of 1 % formalin. Subsamples were diluted or were concentrated by settling and species were counted on an Utermohl microscope. Enumerated volumes ranged from 0.17 to 100 ml. The entire sample was counted at lOOx for larger species, and every sixth row was counted for smaller species. Occasionally, very small and very abundant species (Emiliania huxleyi, Gephyrocapsa spp., Fr-agilariopsis pseudonana and/or a small form of Nitzschia cf, bicapitata) were counted with a single transect at 400x. Species identification was facilitated by transferring individual cells to an oil immersion microscope or by examining material with a scanning electron microscope.
Except when noted, all analyses were based upon taxa that could be identified to species or to a genus containing only a few species. Thus, Gephyrocapsa spp. (1 to 3 species) were included but 'unidentified hyalochaetes' (at least 10 species) were not. Full taxonomic nomenclature and other notes are given in Appendix 1.
Grouping similar stations. The relationship between the flora of different stations was examined by calculating a nonparametric correlation coefficient (Spearman's p) between all pairs of stations. I have used p as an index of similarity because it depends upon the rank order of species abundances, and therefore reflects changes in dominance of both rare and abundant species. Also, unlike many indices of similarity, it is uninfluenced by changes in underlying population distributions and it can be corrected for unequal sample sizes by referring to traditional tables of the null distributions of p. In this study, the combined list of a pair of stations varied from 20 species (Stns 93.28 and 93.35 in 1995) to 113 species (Stns 90.80 and 87.60 in 1993) . In the null distribution of p from samples of size 20, a value of p = 0.28 occurs more than 20% of the time by chance alone. However, in the null distribution from samples of size 113, the same value occurs less than 0.5 % of the time. Clearly, it would be misleading to use the magnitude of p to compare these 2 pairs of stations. Instead, I referred to the standard statistical tables for the null distribution of p to adjust for sample size. I have selected that tabulated value of p which has a 2-tailed a error of 0.01. Two stations with a correlation equal to or greater than this value were considered to have similar flora. I examined a errors between 0.05 and 0.001 for consistency of outcomes. Similar patterns were obtained from a: !, but patterns from p = 0.01 seemed most informative.
One cannot assign a precise significance level to any single p for 2 reasons. Since p has been calculated for all pairs of stations, the coefficients are not independent, and this violates 1 assumption of hypothesis testing. Also, the large number of correlations means that some will be large by chance alone (the problem of multiple testing). I am using p as a qualitative index of similarity, much like the percent similarity index is used. In spite of the reference to statistical tables to correct for sample size, I do not imply significance in the probabilistic sense. The spatial relationships among stations were visualized by connecting each pair of similar stations (p 5 0.01) with a straight line. This method was used when the nature of the underlying data precluded more conventional techniques (Abbott & Zion 1987) . I used it because it presents relationships directly in the dimensions of interest, the grid of CalCOFI stations, and thus is sensitive to influences of hydrography on floristic distributions.
A few stations had no similarities at p I 0.01. These stations were associated with others on the basls of the maximum positive correlation, with another station.
Although the groups of stations were subjective, their statistical significance could be determined by examining the djstributions of dissimilarities (negative correlations at p 2 0.01) and neutral relationships (p > 0.01) within and among groups against the null hypothesis that their distributions were random. This was done with a modified x2 statistic. Since station groups were defined on the basis of their similarities, only negative and neutral relationships were used in the calculation of x2, eliminating logical circularity.
Because of the dependencies in the data set and the n~odifications to the calculated x2, randomization methods (Manly 1991) were used to develop the null distribution of this x2 statistic. Stations were randomly assigned to groups, the distributions of negative and neutral correlations within and among groups were determined and the resulting x2 statistic was calculated. Each null distribution was based upon 500 simulation~.
Grouping similar species. To examine species with similar distribution patterns, I used recurrent group analysis (Fager 1957 , Fager & McGowan 1963 . This utilizes a coefficient of affinity, a, calculated between all pairs of species. Species are formed into groups within which all species pairs have an affinity index greater than a specified value. Associated species are those that have positive affinities with some but not all members of a group. In the original procedure, a was based upon scores of presence and absence, and a high a indicated 2 species which tended to CO-occur. I have based a on scores 2 the median abundance and < the median abundance; in this case a high a indicates 2 species which tended to be abundant in the same sample. In the case of species present in less than half of the samples, scores above/belo~v the medians are identical to scores of presence/absence. I initially ran the recurrent group analysis at 4 levels of a: 0.90 (no gro.ups were formed), 0.80, 0.70, and 0.60. At higher values a few small groups of closely related and very abundant species were formed. As the affinity was lowered, groups became larger, the relationships between species within a group became weaker and the spatial cohesiveness of the group diminished; also, more seemingly fallacious groupings appeared, especially as species pairs. These are typical patterns of outcome for the recurrent group procedure.
Scanning across several levels of a is a useful means of evaluating the consistency of relationships between species and between groups. In the present analysis most of the information was contributed by the groups of 3 or more species formed at cc = 0.70. Unless otherwise noted, these groups have been used as the basis for interpretation.
Comparison with the Allen data. W. E. Allen counted diatoms from water samples collected at 10 m intervals between the surface and 60 m depth. The water was filtered through no. 25 bolting cloth to concentrate the cells, which were subsequently counted in SedgwickRafter chambers (Allen 1941) . The nominal mesh size of the net was about 65 pm. However, the captured diatoms themselves reduce mesh size, increasing retention, especially in areas of high concentration (Tangen 1978 Conover 1971 , Zar 1984 . Derived statistics included the coefficient of variation (standard deviatiodmean) and Pie1o.u'~ index of evenness (Legendre & Legendre 1983) .
RESULTS

Environmental setting
In the present CalCOFI study area, March to May is the season in which phytoplankton biomass (chlorophyll) and productivity typically reach their annual maximum. This occurs in response to the shoaling of the nutricline in the vicinity of Point Conception (Sverdrup & Allen 1939 , Jones et al. 1983 ). During 1992 and 1993, the Ca!ifornia Current was under the influence of an El NinoSouthern Oscillation (ENSO) event. This was characterized by an elevation of sea level, a warming of nearsurface temperatures and a reduction in chlorophyll concentrations throughout the region (Hayward et al. 1994) . In April of both 1992 and 1993, however, there was a relaxation of the strength of the ENSO. As more normal circulation patterns resumed, characteristic spnng blooms developed.
Conditions in April 1993 indicated active upwelling and enrichment of the northern portion of the study region (Fig. 1A) . Southward flow was strong and meandering. At Stns 77.49 and 80.51, near-surface low temperatures (10.2 and 10.7"C, respectively), high nitrate (20 and 19 pM I-', respectively) and oxygen undersaturation (69 and 65%, respectively) were characteristi.~ of recent upwelling, as was the locally reduced chlorophyll at Stn 80.51 (Barber & Smith 1981 , Jones et al. 1983 . Nutrients decreased and chlorophyll and oxygen saturation increased to the south and west. High inshore chlorophyll values along line 77 may have indicated advection into the study region from the north. The total chlorophyll, integrated through the water column and averaged over the study region, was the second highest spring total since routine measurements began in 1984 (Hayward et al. 1994) . Thus, the data from April 1993 indicated typical spnng conditions in the California Current, even though the month was embedded in an ENSO period.
The maps of dynamic height show an offshore cyclonic eddy centered near Stn 90.80. Isolines of density and nutrients domed at the eddy center. A local near-surface chlorophyll maximum at Stn 87.70 was offset from the eddy center and was presumably associated w~t h ~t .
Environmental condit~ons during April 1995 were similar to those in 1993 (Fig 1B) . Cool temperatures, elevated nitrate values, undersaturated oxygen and reduced chlorophyll concentrat~ons in near-surface waters indicated recent upwelling near Stns 77.49, 77.51 and 80 51. An offshore cyclonic eddy was centered near Stn 87.80. A local 10 m chlorophyll maximum appeared at Stn 90.80, again offset from the eddy center. Total chlorophyll for the cruise was slightly greater than in 1993 (Hayward et al. 1996) .
In January-March 1995 a massive bloom of Gonyaulax polyedra (now Lingulodinium polyedra) was recorded near the coast from San Diego to Santa Barbara. (Hayward et al. 1995) . At La Jolla, concentrations exceeded 200000 cells per 100 m1 with maximum chlorophyll concentrations between 150 and 500 mg m-3. Toward the end of the bloom, visible aggregations of Noctlluca scintillans were evident offshore of La Jolla. Although the bloom had largely dissipated in the coastal area by April, higher than normal abundances of both G. polyedra and N. scintillans were found throughout all but the northernmost portions of the CalCOFI station pattern ( ward et al. 1994, 1995, 1996) . Add~tional physical, chemical and biological data may be found in the CalCOFI data reports (S10 1993, 1995) .
Station groups
The floi-istic relationships between stations In 1993, based upon Spearman's nonparametric correlation coefficient (p), are shown in Fig. 3 . For clarity, the relationships of Stn 87.70 have been plotted separately (Fig. 3B) . This was the station with a local maximum of 10 m chlorophyll associated wlth the offshore eddy. The species at this station were clearly derived from northern nearshol-e flora. This is a striking example of offshore transport, although the data do not allow us to differentlate between near-surface transport of shallow populations and shoaling of deeper cells. between each of the 3 regions are given in Table 1 , along with the numbers expected if the distributions of relationships were independent of the groups (i.e. random). Clearly the similarities tended to occur between stations of the same group, and the dissimilarities tended to occur between stations of different groups. However, in the southeastern region, stations had fewer large correlations than expected, either positive or negative, consistent with the hypothesis of incomplete mixing of floras. Because the groups were defined on the basis of their similarities, only the frequencies of neutral and negative relationships were examined statistically. Over the entire data set, the distribution was significantly different from that expected if, in fact, the station groupings had no meaning (randornization x2, p c 0.002). The largest components of the X* were the large numbers of dissimilarities between northern inshore and offshore stations and the low number of dissimilarities within these 2 groups.
Two major groups of stations were apparent, one
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I have pooled the data within each group to obtain a general description of the flora (Table 2 ). There were 162 species present in the northern inshore region. The top 10 included 9 diatoms and a coccolithophore. The offshore region included 190 species dominated by 4 diatoms, 3 coccolithophores, the colonial form of Phaeocystis, a photosynthetic dinoflagellate and a phagotrophic cryptomonad. Four of the nearshore dominants were also dominants of the offshore region. although their abundances were reduced offshore.
The species that dominated the southeast region included a mixture of species from the other 2 regions and the dinoflagellate Gymnodinium sanguineum, which is a frequent component of nearshore red tides.
When these analyses were repeated using the 1995 data, a nearshore group of stations again emerged (Fig. 5) . It was centered somewhat farther north than located inshore along line 90 and north, including Stn 87.70, and the other located offshore. Nearshore stations had a similar flora that was distinct from the l flora of offshore stations. The outer boundary of this group of stations corresponded roughly to the chlorophyll contour of 0.25 mg m-3 (Fig. 1A) . Thus, the northern inshore stations were influenced by the enrichment occurring near Point Conception. In contrast, offshore stations were characterized by low nutrients and low near-surface chlorophyll.
Some stations along line 93 from the coast to Stn 93.45 were floristically similar to offshore stations (Stns 93.35 and 93.28), others to inshore stations (Stns 93.40 and 93.45 ). This suggests a region of confluence where inshore species were brought south by the California Current and offshore species were brought east by the onshore flow of water that is typical of this latitude (Pelaez & McGowan 1986 , Thomas 8. Strub 1990 . This onshore transport is suggested by the map of dynamic height (Fig. l A ) , but the major eastward flow at t h s time was south of the CalCOFI region. There were very few similarities among this southeastern group of statiuris. These stations were examined as an independent group, but the existence of a distinct flora here was not established. Stn 90.35 had no similarities with either inshore or offshore stations and was grouped with the northern inshore stations on the basis of the strongest positive correlation. The exact grouping of stations used in the following an.alyses is indicated in Fig. 4 .
If the groups apparent in Fig. 3 are meaningful, there should have been not only more similarities within a Pooling data from the inshore stations gave a total of these differences are minor. Along line 87 and north, 142 species. The mean species structure was domithe distnbution of northern inshore stations again cornated by 9 diatoms and a coccolithophore (Table 3) .
r w p o n d~d generally to the 0.25 mg m-%chlorophyl! A!! but 2 of these species were also dominant at the contour (Fig. 1B) .
northern inshore stations in 1993. In contrast, only 4 of In 1995, as in 1993, there was a well-developed the 10 dominant offshore species in 1995 were also cyclonic eddy in the southwestern portion of the study dominant in 1993 (Tables 2 & 3) . The most striking area, with a local chlorophyll maximum at Stn 90.80. difference was Gonyaulax polyedra, which ranked However, unlike the eddy-associated flora in 1993, the 4th in 1995 (133 cells per 100 ml) and 139.5th in 1993 flora at Stn 90.80 had no similarities with other stations; (0.5 cells per 100 ml). This was clearly a residual of the the highest correlation (with Stn 87.60) had a p > 0.20. massive red tide seen earlier in the year. Peridiniurn The abundance of Gonyaulax polyedra (Fig. 2) was cf. steinii, a nonphotosynthetic dinoflagellate which elevated in this region, suggesting offshore transport ranked 8th in 1995, may also have been related to the from the bloom area nearshore. The situation contrasts red tide. A pennate diatom that ranked 52nd in 1993 with that in 1993 when the eddy flora was clearly was 10th in 1995. Reranking among other species was derived from the northern inshore stations.
minor. The effect of hydrography was seen in the flora of
The dichotomy between inshore and offshore flora Stn 80.70, which was more similar to the inshore stawas also apparent over time. To examine this, Speartions than was the flora of the station immediately man's p was calculated between each pair of stations, inshore of it (Fig. 5A) . This resulted from a meander of one from 1993 and one from 1995 (Fig. 6 ). Of the 46 the California Current that created an offshore tongue stations sampled in both years, only 2 stations (83.55 of cold water at Stn 80.70 and onshore intrusion of and 70.80) had a flora in 1993 that was similar to its warm water at Stn 80.60. This meander was evident in own flora in 1995. The relative frequency of similar the temperature and chlorophyll data (Fig. 1B) .
station pairs between the 2 years (2.2%) was lower The most striking change between 1993 and 1995 than the relative frequency in the same year (9.6% in was the reduction of similarity among offshore stations.
1993 and 3.7 % in 1995), but the distribution of negaBecause of the large number of stations lacking similartive and neutral relationships between and within ities with other stations, the relationships of these offinshore and offshore stations was significant (Table 4) . shore stations were examined by connecting each staThus, the spring flora of the inshore stations was tion with the statlon to which it was most similar temporally persistent or recurrent, at least over the 2 (Fig. 5B) . These relationships increased the apparent years of this study. The offshore stations had more dichotomy between northern inshore and offshore stapositive similarities between years than within in tions, but the offshore region clearly lacked the cohe-1995, suggesting that the same floral elements were 
Species groups
In 1993, the largest recurrent group at a = 0.70 contained 6 diatoms with 3 associated diatoms ( Table 5 ). All 9 were abundant at the inshore stations (Table 2) . 
9
Haslea wawnkae
10
Syracosphaera pulchra
5 11
Nitzschia c f bicap~tata (small form)
12
Phaeocystis pouchetii
13
Leucocryptos marina
15
Oxytoxum variabile
17
Dictyocha fibula
25
Helicosphaera carteri
36
Torodinium spp.
73
Skeletonema costa tum
99
Total number o f species: 208
The sum of the abundances of the 6 species was highly correlated with the distribution of 10 m chlorophyll (p = 0.91, p < 0.001; Fig. ? In 1993, the second recurrent group at a = 0.70 contained 3 dinoflagellates and a coccolithophore; a second coccolithophore was associated (Table 5) . There were no cross-group affinities between groups I and 11, even at lower affinity levels. The distribution of group I1 was a mirror image of the distribution of group I (Fig. ?B) . Group I1 species were absent from the northern inshore area, and occupied a broad offshore band approaching the coast along the southern lines. Although group I1 species defined the offshore region, they were not numerically dominant offshore, at least during this sampling period. The most abundant species in the offshore recurrent group, Oxytoxum variabile, ranked 10th among the offshore species (Table 2) . No group emerged which was specific for the southeastern region. However, the abundances of groups I and I1 both diminished here. Of the 9 members and associates of the northern inshore group in 1993, 6 were members or associates of the analogous group in 1995 (Table 5) . As in 1993, the total abundance of the 4 group I species averaged 20 % of the total phytoplankton and was correlated with the 10 m chlorophyll (p = 0.73, p i 0.001). As in 1993, maximum abundances of the first group occurred at the northern inshore stations (Fig BA) , and some species were present at every station except 2 along line 93. Species were transported offshore along line 90, presumably by the meander and eddy seen in the maps of dynamic height and 10 m chlorophyll. A local maximum at Stn 90.90 was due to an increase in the abundance of Emiliania huxley~, and the role of hydrography, although implicated, is difficult to identify. inshore area, presumably in response to recent shoaling of nutrient-rich water in this region. In 1993 the offshore region was occupied by a cohesive flora. In 1995, similar species were present offshore, but their dominance structure was less stable. An offshore flora analogous to that in 1993 was only revealed when the criteria for station similarity or species affinity were relaxed. The southeastern stations were within the complicated Ensenada Frontal region. They may receive flora from both the north and the offshore regions and may also receive inputs from the south as well as local The offshore flora in 1995 was less well organized influences such as the 1995 red tide. With the present than in 1993, consistent with the results of the station data set, the nature of the flora in the southeast region similarity analyses. No offshore group appeared at must remain speculative. It does, however, appear a = 0.70. However, at cc = 0.60, a group analogous to risky to generalize directly from events in the souththe 1993 offshore group was formed (Table 5 ). Its spaeast region (including the S10 pier) to the rest of the tial distribution was similar (Fig. 8B) ; the component CalCOFI area. species were absent from the northern inshore stations T i e boundary between the norihern inshore region where the species of group I reached maximum abunand the offshore region was influenced by the neardances. However, the total abundance of the group I1 surface circulation patterns. This influence could be species was less uniform in the offshore area than in seen in the inshore flora of the offshore eddy at Stn 1993, being greatest at the northwestern stations. As in 87.70 in 1993, the inshore flora of the offshore meander 1993, the species defining the offshore region were not at Stn 80.70 in 1995 and the incursion of offshore flora the dominant species there. onshore in the south in both years. Processes associThere was no group in 1995 that was clearly related ated with the California Current jet have been shown to the red tide earlier in the year. Gonyaulaxpolyedra to redistribute nutrients and biomass offshore (Sverformed a 2 species group at a = 0.60 with the nonphotosynthetic dinoflagel- no associated species. Noctiluca scintillans, which appeared to be closely associated with the decline of the red tide in the La Jolla area (Hayward et DISCUSSION 1993 Group I: inshore species (a = 0.70) Group I: inshore species ( a = 0.70) Chaetoceros debilis Chaetoceros debilis Skeletonema costatum Skeletonema costatum
Two independent analyses were applied to these phytoplankton data. One grouped stations with similar floras, and the other grouped species with similar patterns of distribution. These procedures are mathematically unrelated. Thus, consistency of results was not assured, but, having occurred, it strengthened the conclusions.
In both 1993 and 1995 there was a distinct flora occupying the northern drup & Allen 1939 , Hayward 8! Mantyla 1990 , Hood et al. 1990 , Chavez et al. 1991 , Strub et al. 1991 . However, quantitative demonstration of the dissemination of species as well as biomass is rare. The most obvious difference between 1993 and 1995 was the less cohesive offshore flora in 1995. There were similar numbers of species present offshore in 1995 and 1993 (203 and 208, respectively For the 24 dominant species (those among the 20 offshore dominants during one or both years), the difference in spatial heterogeneity was significant (signed rank test on the coefficient of variation; p < 0.005). The mean species evenness at offshore stations was significantly greater in 1995 than in 1993 (0.670 and 0.545, respectively; Mann Whitney U-test, p < 0.001). The ecological factors leading to greater evenness and greater heterogeneity in 1995 remain unknown. In addition, the offshore flora may have been partially overshadowed by other species in 1995, especially residuals from the red tide seen earlier in the year.
Hayward & Venrick (in press) have defined 4 regions in the California Current on the basis of the magnitude and scales of physical and chemical variability and the 12-yr temporal patterns of chlorophyll (Fig. 9 ). They defined a northern coastal region, a southern coastal region, and an offshore region. These 3 areas correspond with the areas defined here on the basis of floristics. The chlorophyll data showed unique seasonal cycles in the northern inshore and offshore regions, with an intermediate cycle in the southeast (Fig. 9) . This is consistent with the floristic evidence of marked differences between the offshore and northern inshore regions with confluence in the southeastern region. The fourth region of Hayward & Venrick was a band between northern coastal and offshore regions, within which stations had few or no affinities. The authors hypothesized that this region represents hydrographically mediated fluctuations in the position of the. boundary between inshore and offshore regimes. The present floristic analysis supports this interpretation; although distorted by current flow, the boundary between inshore and offshore flora was sharp. Most of the stations influenced by current flow (e.g. Stns 87.70 in 1993 and 80.70 in 1995) were located within the boundary region of Hayward & Venilck.
Recurrent group analysis defined small groups of species that characterized the flora of the offshore and northern inshore groups of stations. The northern inshore species are members of a relatively restricted group of temperate to subarctic species that respond to enrichment (Verity & Smetacek 1996) . Some or all of the diatoms have been reported from environ.ments as diverse as the spring blooms of Gulf of Maine (USA) and the Norwegian fjords, and upwelling regions in the Gulf of Panama (e.g. Smayda 1980) . Emiliania huxleyi is a ubiquitous bloom former (e.g. Smayda 1980 , Balch et al. 1991 . In short, there is nothing unique about the spring flora in the CalCOFI region. The fact that other species in this restricted group (e.g. Asterionella japonica or several species in the genus Thalassiosira) were not abundant in this study may be more an artifact of sample timing than of phytogeography.
Except for Fragilariopsis pseudonana, species in the offshore recurrent groups are all common in the Central North Pacific environment (Venrick 1982) . The 2 dinoflagellates, Oxytoxum vanabile and Glenodinium spp., have been used as indicator species for the shallow flora in the Central Pacific (Venrick 1988) . These analyses of phytoplankton species reveal regional differences that are not apparent from maps of chlorophyll. The inshore-offshore decrease in phytoplankton biomass was accompanied by a shift in species composition in which an increasing number of dinoflagellates, coccolithophores and other flagellate species became dominant, replacing the diatoms of the inshore region. This transition was rapid, and repre- sents a n important difference in food quality for herbivorous zooplankton. It was almost certainly accompanied by an increased importance of the microbial loop and restructuring of the food web as conditions became increasingly stratified and oligotrophic. Nevertheless, although the inshore-offshore boundary was abrupt, it was not absolute. The northern inshore species were found throughout the near-surface layer of the CalCOFI region and, at offshore stations, they were often more abundant than the species in the offshore recurrent groups. The environmental characteristics of the offshore stations are similar to those of the Central Pacific environment (Hayward & Venrick in press) . Nevertheless, these stations experience periodic inputs of species and biomass from the CalCOFI upwelling centers that are not experienced farther offshore. Observations from the outer portion of the CalCOFI area may not always represent the Central Pacific.
The previous studies most comparable to the data presented here are based upon data compiled by W. E. Allen from a series of cruises in the southern California Current between 1938 and 1941 (Sverdrup & ALlen 1939 , Allen 1945a , b, Sargent &Walker 1948 . Data on the total abundance of diatoms are available in cruise reports (Sverdrup et al. 1942 (Sverdrup et al. , 1944 (Sverdrup et al. , 1947 . Species composition is summarized in journal articles (Allen 1945a , b, Sargent & Walker 1948 , but, unfortunately, the original data by species have not been published.
The summary of the phytoplankton from these crulses (Allen 1945a ) is remarkable for the number of preliminary observations that have since become corner-stones of phytoplankton ecology. There is the report of the 'vernal exuberance (seasonal biological rhythm ...) in activity of planktonic diatoms', the idea that 'organisms tend to distribution a s clouds in air', and the 'astonishing' finding 'that the recorded extremes of productiveness were characteristic of only two or four species belonging to two genera, that is, Chaetoceros and Nitzschia.' Subsequent analysis of the 1938 data established the relation between high numbers of diatoms and 'new' (recently upwelled) water and the importance of the flow pattern in transporting both through the region (Sverdrup & Allen 1939) .
In 1940 there were cruises twice a month through the spring. These covered roughly 50% of the present CalCOFI area. Because of recent interest in long-term environmental changes, it is useful to compare Allen's diatom data with those from the recent cruises, in spite of the procedural differences. I have assumed that the 10 m counts of Allen are most comparable to my mixed-layer samples, and I have calculated from my data the total number of diatoms in the region surveyed by Allen.
The distribution of diatoms from Allen's April data (Fig. 10) showed 2 stages in the development of the spring bloom. Diatoms from the later period had higher abundances over a broader area, following the cold flow of the California Current. Populations on the following cruises, 10 to 21 May and 27 May to 7 June 1940, were greatly reduced. Thus, the samples from 22 April to 3 May appear to have been the closest to the peak of the 1940 spring bloom.
Within the restrictions imposed by the different procedures, the agreement between the 1940 data and those of 1993 and 1995 is good. The overall maximum concentration of diatoms (nearly 5000 diatoms ml-') was recorded on 12 April 1995 at CalCOFI Stn 90.30. The second highest abundances (over 2000 diatoms ml-l) were recorded by Allen along his northern line on 30 April and 1 May 1940 (Fig. 10) . Concentrations of total diatoms in 1993 a n d 1995 a r e comparable to those of 1940, but, without knowing the loss of diatoms from Allen's samples or the timing of the 2 sets of samples relative to the spring cycle, we cannot compare the relative strengths of the spring blooms.
The species which Allen mentioned (Allen 1945b) agree with the abundant species in the present study: Chaetoceros cornpressus, C. debiLis, C. radicans, C. costatus and Nitzschia seriata [including Pseudo-nitzschia australis and P. pungens f . multiseries (Lange et al. 1994) , both included in my category of robust Pseudonitzschia]. A discrepancy was the absence from Allen's list of Skeletonema costatum (ranked 2 and 3 in 1993 and 1995). However, Allen reported S. costatum to be present in 'good' abundances the following May, substantiating the presence of this species and its potential retention in Allen's samples.
The centers of abundances of the more recent popul a t i o n~ extended closer to the coast. Hydrographic data from 22 April to 3 May 1940 showed near-surface water warmer than 16OC throughout the entire Southern California Bight. This, in turn, was related to a well-developed Southern California eddy (Allen 1945b ), more typical of winter than spring flow patterns (Hayward et al. 1994) . This is one more example of the influence of hydrography on the distribution of phytoplankton, but an explanation for the unusual spring hydrographic pattern in 1940 is not available.
In the past 50 yr there have been advances in computers and analytical techniques have allowed more objective syntheses of greater numbers of phytoplankton species. In the present study, these have facilitated the definition of an offshore flora, charactenzed primarily by flagellates, in addition to a diatom-dominated inshore flora. They have allowed a more quantitative description of the hydrographic redistribution of these flora. Nevertheless, given the 50+ yr separating the 2 sets of data, the similarities are more impressive than the differences. 
Distribution of Total
